The operating room (OR) 
The research background
This paper analyses the operating room (OR) in Winnipeg Health Science Center (WHSC) using simulation. WHSC is a healthcare centre serving residents of Manitoba, Northwestern Ontario and Nunavut. The OR is one of the most demanding departments in WHSC. The problems of the OR are the long waiting list of patients and the inefficient utilization of resources. Simulation technology is used in this research as a tool for identifying existing problems and for the improvement of decisionmaking. The problem and the bottleneck in the OR are identified firstly based on the simulation. The decision can then be made for the system improvement. Simulation has been a very useful tool for healthcare systems. Different objectives have been reached for the improvement of healthcare systems using simulation. Several studies reported the organizational benefits and cost savings of applying simulation to hospital planning and scheduling. Other applied simulation effort focused on the operational process flow of specific healthcare delivery units. The main capability of simulation is to analyze what-if scenarios, which allows significant exploration of multiple options, without spending enormous amounts of expense on staffing, training, and equipment [1] . Computer simulation has been an effective tool for operational analysis of the stochastic processes of healthcare delivery [2] . In the last two decades, the use of simulation as a planning and decision-making tool has been spreading rapidly in the healthcare arena. Simulation can model and analyze real-world problems that cannot be successfully approached by other types of analytical techniques. Simulation has been applied in healthcare with success. Specialized applications targeting emergency rooms and other operation issues at large institutions are well documented [3] . Testing scenarios of changes in processing methods, resources location and scheduling without major physical investment and risk is a key objective in the application of healthcare simulation [4] . For examples, some successful simulation applications in healthcare include: a simulation model of the emergency department in a general hospital to examine patient flows and the patient waiting time [5] ; the simulation to estimate the maximum level of demand in an emergency room and the configuration of resources required [6] ; a discrete event simulation model to analyze the renal transplant waiting list and to reduce the size of the waiting list [7] ; a patient scheduling simulation model to capture four components of outpatient clinic scheduling systems including external demand for appointments, supply of provider timeslots, the patient flow logic and the scheduling algorithm [8] ; and a computer simulation model of the hospital layout for the efficient design and use of resources, as well as assist in planning decisions [9] . The simulation model can be used to minimize the need of facilities. A model is used by Baesler [6] to create a curve for predicting the behaviour of the variable patient's time and to estimate the maximum possible demand that the system can absorb. An experiment is conducted in the simulation model to define the minimum number of physical and human resources required to serve the demand. Wiinamaki [10] uses a simulation model to analyze the detailed process of the emergency care centre based on the layout, number of rooms and beds, and operation hours. OR is one of the most demanding departments in hospitals. Simulation models have been used to depict the operation processing and evaluate the possible alternatives to reduce the length of patient stay in the OR to improve the operation in hospitals. Samaha [11] gathered data for 24 hours per day over a seven-day period. Each operation is evaluated through the simulation model. An operation model is built and possible alternatives are simulated by Blasak [12] to allow a medical center to make only necessary changes for reducing the length of patient stay in the hospital. This paper discusses the performance analysis of the OR at WHSC. Simulation is used as a tool for a better understanding of the patient experience, process performances and staffing inter- The following parts of the paper are organized as follows. Section 2 provides an overview of the patient flow in the OR; the data collection is discussed in Section 3. Section 4 describes the simulation modeling and tools. Section 5 shows the model verification for the evaluation of the OR performance. Section 6 discusses the simulation output and analysis of different scenarios of OR operation followed by conclusions and further work in Section 7.
Patients flow of the OR
The OR department at WHSC works for surgeries of both elective and emergency patients. The elective slate runs from 7:30 to 15:30 from Monday to Friday each week. The emergency slate runs from 15:30 to 22:30, Monday to Friday, and usually has two staffed operating theatres. Of course very urgent emergency cases are still performed after 22:30. On the weekends there is no elective slate and two operating theatres are staffed solely for emergency procedures. Some emergency patients who are not very urgent usually are handled in the elective slate as elective patients. This research will only consider the elective patients. As shown in Figure 1 , the patients flow starts from the registration. The patient is then picked from Preoperative unit and is sent to Inpatient Ward or other units after the surgery. It includes Post Anaesthesia Care Unit (PACU) and Surgical Intensive Care Unit (SICU). Most patients are tested in Pre-operative units, such as X-ray and blood test units. The patient is also interviewed by an OR nurse, and is assessed by the anesthetist in the hold area (also called music room) before the surgery. After the operating room is ready, the patient is moved to the operating room. The OR nurse and anesthetists place the patient in the position and put the patient into sleep. The patient is taken to PACU or SICU to recovery after the surgery. The OR has the link to many other departments, such as Preoperative units and Inpatient departments. There are many factors influencing patients' surgery. If, for example, there are not enough beds in MS3, a preoperative unit in the hospital, the patient will not be arranged for the surgery. The elective patient types are listed in Table 1 . The OR resources considered include rooms, beds, front desk, hold area and others as listed in Table 2 . Table 3 are resources related to the OR in WHSC. There are 13 rooms or beds in the OR department that are located in one floor as shown in Figure 2 .
Data collection of the OR
Data are essential for a simulation model. Table 4 is a preliminary list of data items used as input to the model based on the OR patient flow. These data are necessary to validate the simulation model. So far, five weeks elective patients' data are collected from WHSC. The total number of patients is 740. Three tables are used in the database to record the collected data as shown in Figure 3. 
Simulation modeling
A simulation model is built according to the patient flow in the OR. WITNESS software [13] is used as the simulation tool in this research. WITNESS has functions of visual, interactive, and interpretative modeling. It has features of friendly Graphical User Interface (GUI), and easy to learn with a modular and hierarchical structure. It also includes many useful The arrival time to pre-op units which are MS3, B3, Inpatient ward 3
The leave time from pre-op units 4
The arrival time to OR 5
The leave time from OR 6
The arrival time to post-op units 7
The discharge time 8
The start time of OR setup 9
The end time of OR setup 10
The start time of OR cleaning 11
The Table 5 are used for the system performance analysis. Tables  6 and 7 . Therefore, the OR scheduling can be modeled based on the definition of variables and data generated by the distribution functions as shown in Figure 5 . The scheduling is generated using Python to query the elective_patient_time table in the database. The input data are imported into the WITNESS simulation model using text files. The processed data are written in output files. Python reads data from these files, and implements all functions needed in the processing. Python is also connected to a Microsoft Access database to record all patient information. Python retrieves data from the database to analyze data and to generate the distributions. Operating Room
The patient models are built with different types, and attributes are utilized in collecting and recording data of waiting and total time spent in the OR. Histograms are defined to display waiting time and total time of patients. A screen shot of the simulation model is shown in Figure 6 . Figure 7 shows attributes and variables in the simulation model. 
Model testing
The model testing is the verification and validation of the simulation model. Verification and validation make sure that the model built is right for the basic test of the simulation model. The key of the model verification is to guarantee the assumptions of the conceptual model are right and close to the reality. The model performances are compared between the reality and model results by running 6 replications for five weeks of each replication. The data in Table 8 show that the simulation results are very close the reality of the collected actual data.
Model running and the simulation analysis
The simulation model enables scenarios to analyze how observed variables in the OR will be affected by the data or resources change. By changing some of inputs, the model is able to show how the performance is automatically changed when resources and other pertinent data are revised. Based on the data collected from five weeks, the model running lengths and warm up periods of 25 days, and 3 days respectively are used for each replication to allow for the system to reach realistic operating conditions before collecting appropriate statistics. 6 replications of the simulation have been undertaken. Simulation is run based on different scenarios. The overall utilization rates for each case can be displayed for doctors, nurses and beds. The length of stay of patients in the OR is simulated. It is assumed that a fully loaded one week appointment book as input for the simulation. The simulation shows the detailed daily operations with patient arrivals and resource constraints. The experimental data created includes the arrival time of the patient and the category of the patient. Preliminary simulation experiments indicate that when more patients are expected to be processed at the OR, the patient waiting time would become longer, unless the additional beds are allocated. Then, a stepwise procedure of operations planning is proposed to reduce the patient waiting time. Through a series of simulation experiments, the patient waiting time can be minimized, by adjust appropriate resources in the OR. Table 9 shows the average length of stay (LOS) of different patients and the reduced ratio of LOS under different resource conditions. The assumed resources changes used in the simulation include the number of the beds in PACU, the number of the OR rooms, and the number of chairs in holding area. Figure 8 shows the reduced LOS of SD patients with the resources of row No. 4 comparing with using the resources of row No. 1 in Table 9 . It shows in Figure 8 that the frequency of short stay (0 < x <1400) is increased and the frequency of long stay is decreased ( x> 1400). Table 10 shows the improvement when increasing the number of transport personals (TPs). Patients are transported to operating room almost at the same time in the morning as all operating rooms are empty. Currently, there are only two TPs who move patients from the pre-op unit to the operating room.
Conclusions and further work
This research shows that simulation is an efficient tool for identifying problems and improving performance of healthcare systems. The simulation model is valuable to present the current work flow and to predict the bottleneck in healthcare systems. The simulation model developed initially demonstrates that the resources in the OR department of WHSC is a main bottleneck for the longer stay of patients in the hospital. In this research, simulation models provide a reasonable assessment of OR's efficiency, resource utilizations and other performance measures. By using the simulation, a useful evaluation for the OR provides a chance to analyze and improve the current operation processing. The output of the simulation shows the analysis result with a verity of formation. The graphical user interface provides an effective tool for decision-making of the OR operation.
Further work is to optimize the simulation model based on the existing OR resources. More data will be collected to complete the model. The emergency patients cases in the OR department will also be considered.
